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Abstract 

In left-right models the gluonic penguin contribution to 6 — > sss transition 
is enhanced by mt/rrih due to the presence of (V+A) currents and by the 
larger values of loop functions than in the Standard Model. Together those 
may completely overcome the suppression due to small left-right mixing angle 
^ ^ 0.013. Two independent new phases in the B (pKs decay amplitude 
appearing in a large class of left-right models may therefore modify the time 
dependent CP asymmetry in this decay mode by 0(1) and explain the recent 
BaBar and Belle CP asymmetry measurements in this channel. This new 
physics scenario implies observable deviations from the Standard Model also 
in Bg decays which could be measured at upcoming Tevatron and LHC. 
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The measurements of time-dependent asymmetries in B ^ J/ipKs have revealed CP 
violation in the -B-system. The observed world average of sin 2/5 

sin 2(3,ji^K = 0.734 ± 0.054, (1) 

agrees well with the Standard Model (SM) prediction and indicates that the Kobayashi- 
Maskawa (KM) mechanism is likely the dominant source of CP violation also in this 
process. Nevertheless, this result does not exclude interesting CP violating new physics (NP) 
effects in other B decays. Since the decay B J/ipKs {b — > ccs) is a tree level process in 
the SM, the NP contributions to its amplitude are naturally suppressed. However, at loop 
level NP may give large contributions to the B^-B^ mixing as well as to the loop-induced 
decay amplitudes. The former effects are universal to all B^ decay modes and therefore 
constrained to be less than 20% compared with the SM contribution [|l|. On the other hand, 
the effects of new physics in the decay amplitudes are non-universal and can show up in the 
comparison of the CP asymmetries in different decay modes 0. 

One of the most promising processes for NP searches widely considered in literature 
is i? ^ 4>Ks- In the SM the decay b —>■ sss is one-loop effect and, according to the KM 
mechanism, the CP asymmetry in i? ^ 4'Ks decay measures with high accuracy the same 
quantity as B J/ipRs, namely sin 2/3. The uncertainty for those processes in the SM is 
estimated to be 0,0] 

10(5 ^ J/ijKs) - 0(5 ^ (PKs)\ ^ 0{X^) , (2) 

where is the measured CP angle and A ~ 0.2. Surprisingly, both BaBar and Belle 
obtain negative value for the CP asymmetry in this decay mode. Their average result is 

sin 2(j)^Ks = -0.39 ± 0.41, (3) 

where (p(j,Ks = 4>{B 4>Ks) denotes the measured CP angle. Despite of large statistical 
errors those measurements establish a 2.7 a deviation from the SM prediction sin20(^j^g = 
sm2(3j/^K and may indicate an effect of new physics. Since the deviation of Eq. (^ from 
Eq. (|l|) is very large, first analyses |]Il,p!0|-|T^ of this experimental result imply that one needs 



strongly enhanced gluonic penguin contributions to the decay amplitude as in the generic 
supersymmetric models, non-standard flavour changing Z-boson couplings, supersymmetry 
without R-parity etc. to account for such a large deviation. 

In this short note we would like to clarify that the result Eq. (|^) can actually be explained 
in a wide class of rather ordinary models from the flavour point of view: by the left-right 



symmetric models (LRSM) based on the gauge group SU(2)j:j x SU(2)i x U(1)b-l [P^ 
Those models predict the existence of new charged gauge boson W2 with a mass M2 ^ 1.6 
TeV [|T3 which may mix with the SM gauge boson Wi by the mixing angle C, ^ 0.013 
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p!5| . Due to the imposed discrete left-right symmetry the left- and right-handed Cabibbo- 



Kobayashi-Maskawa (CKM) matrices Vl and Vr, respectively, are related as \Vl\ = \Vr\. 
However, their phases may differ from each other as happens in the models with spontaneous 
CP breaking |T6|-p!9| which has six phases in Vr. While the NP contribution to the B^-B^ 
mixing is suppressed by the heavy scale M2 in this model, the gluonic penguin contributions 
to the flavour changing decay h —>■ sss, which are proportional to the mixing angle ^, are 
enhanced by a large factor mt/rrify due to the presence of (V-l-A) interactions in the loop, and 
by another factor of four due to the larger values of Inami-Lim type loop functions. Together 
those enhancement factors may overcome the suppression by ^, and the CP asymmetries in 
S — > J/ ipKs and B Ks(f) may differ from each other by order unity due to the additional 
two independent phases in the B —>■ Ks4> decay amplitude. This scenario has important 
consequences on the CP asymmetries in 6 — sss dominated Bg decays such as Bg — > (jxp 
which are predicted to be vanishing in the SM. In the LRSM the BaBar and Belle result 
Eq. implies also the measurable CP asymmetries in Bg decays at Tevatron and LHC. 

Before going to the physics analyses let us comment on two relevant experimental and 
theoretical issues. Firstly, despite of the consistent measurements of sin 200j^<, by two ex- 
periments (with the direct CP asymmetry consistent with zero as reported by Belle), 
the time dependent CP asymmetry in B ^ v'^s decay which also has a ss component is 
consistent with sm2Pj/^K in Eq. (|l|). Since B rj'Ks is not as clean process as i? — * 0-^5, 
this result can still be tolerated together with the NP in B ^ <pKs ||10|. Furthermore, as 
argued in Ref. due to the depencence on the final state hadronic matrix elements the 
relation between CP asymmetries in B ^ v'^s and B — > (pKs may be non-trivial. Never- 
theless, improving experimental accuracy is going to impose serious constraints on the idea 
of NP in decay amplitudes if this inconsistency persists. Secondly, the results in this paper 
are valid in LRSM with relatively low SU{2)ji breaking scale which could be motivated 
also by neutrino physics [^. It is shown in Ref. |jl8| that spontaneous CP violation in the 
LRSM with minimal Higgs sector leads to the SM only with fine tunings while, in general, 
there exist additional light Higgs multiplets. With low M2 the fine tunings are not severe 
and light Higgs multiplets may give additional NP contributions to the CP asymmetries. 
The low-scale scenario has also a potential to be tested directly at lepton and hadron 
colliders. In addition, one can always extend the model to non-minimal one or, as the 
simplest possibility, just abandon the imposed-by-hand discrete left-right symmetry which 
results in unconstrained Vr [|1^]. We do not study those model building issues here. Instead, 
we address generic phenomenological consequences of the model which are consistent with 
all the present experimental bounds. 

CP violation in B^ decays takes place due to the interference between mixing and decay. 
The corresponding CP asymmetry depends on the parameter A defined as 
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where A and A are the amphtudes of and 5° decay to a common CP eigenstate, respec- 
tively. With a good accuracy \q/p\ = 1 and the B-B mixing phase is given hj q/p = e' 



-2i(j>M 



Neglecting the direct CP asymmetry one has |A| = 1 and A/A = e~ gives the phase in 
the decay amplitude. In this case the time dependent CP asymmetry takes a particularly 
simple form 



acp{t) = -/mAsin(AMt) = sin2(0M + 4>d) sin(AMt), 



(5) 



where AM is the mass difference between the two physical states. From Eq. (^) and Eq. 
it is clear that any new physics effect in the mixing will translate into (pM 'Pm + and 
will be universal to all decays while the effect in the decay, (pn — > (pD + ^d, will depend on 
the decay mode. As the NP in 0m is already constrained to be below 20%, we proceed with 
studying the NP in decay amplitudes and comment on (pM effects later. 
The charged current Lagrangian in the LRSM is given by 



^cc = ^u (cos ^Vl^^Pl - e^" sine^HT'^Pij) d W^, + 



(6) 



where Pl,r = (1 =F 75)/2, W^i, W2 are the charged vector boson fields with the masses Mi, 
M2, respectively, ^ denotes their mixing and is a CP phase. 

The flavour changing decay h sss is induced by the QCD-, electroweak- and magnetic 
penguins. The dominant contribution comes from the QCD penguins with top quark in the 



loop. It is also known that the electroweak penguins decrease the decay rate by about 
30%. We shall add all those contribution to the QCD improved effective Hamiltonian. We 
start with the effective Hamiltonian due to the gluon exchange describing the decay h — > sss 
at the scale Mi 



^eff 



Gf a. 



V2 



vr 



Vl'^'Vi' is 
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(7) 



where 



Eo{x)-f^PL + 2i—EQ{x)af,„q''PR 



= 2t^E',{x)[A'\,q^PR + A'^*a,,q^PL] 



(8) 



the term describes the new dominant left-right contribution due to the mixing angle ^, 
and 
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Note that the phases ai^2 are independent and can take any value in the range (0, 2tt). The 
functions -^0(2;), Eq{x) and Eq[x) are Inami-Lim type functions ||25| of x = mf/Mf and are 
given by 
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(4(x-l)2) (2(x-l 

Notice that E'(^{xt) is numerically about factor of four larger than the SM function Eq^xi)- 
Together with the nit /nib enhancement in A***, A^'^ this practically overcomes the left-right 
suppression by small ^ and allows large CP effects in the decay amplitude due to the new 
phases ai^2- We note that the analogous effect is also responsible for the enhancement of 
gluonic penguins in general supersymmetric models 0. 

To calculate B meson decay rates at the energy scale /i = in the leading logarithm 
(LL) approximation we adopt the procedure from Ref. |2^. Using the operator product 
expansion to integrate out the heavy fields, and to calculate the LL Wilson coefficients Ci(/i) 
we run them with the renormalization group equations from the scale of /i = Wi down to the 
scale IX = nib (since the contributions of W2 are negligible we start immediately from the Wi 
scale) . Because the new physics appears only in the magnetic dipole operators we can safely 
take over some well-known results from the SM studies. Therefore the the LRSM effective 
Hamiltonian should include only these new terms which mix with the gluon and photon 
dipole operators under QCD renormalization. We work with the effective Hamiltonian 



H, 



Gp 
71 



=1,2 



=1,2 
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- Vl*Vl 



Y^aif^mfi) + c?(/x)o?(/z) + (/.)o?(/i) 



+ (^0.^^00, (11) 



where Oi,2 are the standard current-current operators, O^-Oq and O7-O10 are the standard 
QCD and EW penguin operators, respectively, and Oj and Og are the standard photonic 
and gluonic magnetic operators, respectively. They can be found in the literature (e.g. 



Ref. [P7i|28| ) and we do not present them here. The new operators to be added, On^u, are 



analogous to the current- current operators Oi^2 but with different chiral structure 

rrib 
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(S«7^(l - 75)Ca)(c^7M(l + 75)&/3)- 



m, 



(12) 
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Due to the left-right symmetry the operator basis is doubled by including operators O'^ which 
can be obtained from Oi by the replacements Pl ^ Pr- 

Because the new physics affects only the Wilson coefficients Cj, and Cj, it is 
sufficient to consider the basis Oi_6, O], O^, Ou^u + (O ^ O') for calculating them in the 
LL precision. The relevant matching conditions can be found in [|19| and we do not present 
them here. The 20 x 20 anomalous dimension matrix decomposes into two identical 10 x 10 



sub- matrices. The SM 8x8 sub-matrix of the latter one can be found in Ref. |29| and the 
rest of the entries have been calculated in Ref. |^ . In the LL approximation the low energy 
Wilson coefficients for five flavours are given by 



(13) 



where the A^'s in the exponent of r] = as{Mi)/as{mb) are the eigenvalues of the anomalous 
dimension matrix over g'^/lGir'^ and the matrix S contains the corresponding eigenvectors. 
The result for the gluonic magnetic coefficients relevant for our studies is ^ 



i=l 



(14) 
(15) 



where h'^ = (0.8623, -0.9135, 0.0209, 0.0873, -0.0571) and p'^ = (14/23, 0.4086, 0.1456, - 
0.4230, -0.8994). Using Af}^ = 225 MeV and /i = mb{mb) = 4.4 GeV we find numerically 

= -0.331 -0.523A*^ Cj^ = -0.523A*^*, = -0.156 - 0.231A*'' and = -0.231A*^*. 

To calculate the hadronic matrix element (O) = {Ks4>\0\B) for the B Ks(l) decay 
amplitude we use the factorization approximation which has been extensively discussed in 
the literature ||30| , |27|p8| and we do not repeat it here. However, treating the most relevant 
matrix element for our studies. 



{Of) = -^^((^-.^a,.g'^P«T:,6,)(.-,7%^,.,)) 



(16) 



where q'^ is the momentum transfered by the gluon to the (s, s) pair, is non-trivial. Following 
2^ the result is p| 



(Of) 



a. 



nib 



(17) 



and similarly for (Og ). The parameter {q ) introduces certain uncertainty into the calcula- 



tion. In the literature its value is varied in the range 1/4 ^ {q'^)/'m'b ^ 1/2 |0 



In the factorization approach the amplitude A = (H^ff) of the decay B 
form 



(f)Ks takes a 



6 



A{B (PKs 



y/2 ^ ^ 



as + 04 + as 



-(ay + ag + aio) 



(18) 



where X^^^''^^ stands for the factorizable hadronic matrix element which exact form is 
irrelevant for us since it cancels out in CP asymmetries. The coefficients at are given by 



a2j-i 



2i-l ) 



where the QCD improved coefficients C^^^ can be found in |T^. Using 
^ = 0.01 and mt/mh = 60 we obtain for the LL QCD improved amplitude 



(19) 

mb/V2, 



V2 



-0.016 + 0.0035 (e'"' 



+ e" 



(20) 



The maximum effect occurs for phases ai = —g^ = /2+5d- Numerically we get {A/A)max = 
g±o.9ii_ recall that this estimate is obtained for the most conservative (g^). Using more 
optimistic {q^) = mt,/2 the NP effect is increased to {A/A)max = e^^'^'^- According to 
Eq. (^ and Eq. (^) the NP phase in A/ A can change the CP asymmetry by of order unity. 
Therefore, consistency with the BaBar and Belle result Eq. (0) can be obtained in the LRSM. 

Our scenario is expected to influence also the decay B X^'y pB||52| , pB| which is given 
by penguin diagrams too. However, 6 — > 57 is induced only by right-projected operators. It 
is possible that due to the cancellation between the LL and LR contributions both the 
total rate F and the CP asymmetry in this process correspond to the SM predictions while 
the NP CP effect in i? — (pKs decay are still of order one. The same conclusion holds also 
in supersymmetric models @ . 

Our explanation to the BaBar and Belle measurements of the time-dependent CP asym- 
metry in i? ^ (pKs decays due to the NP in the decay amplitude has important consequences 
for the Bs decays do be measured at Tevatron and LHC. One of the cleanest process is the 
pure penguin induced decay Bg (jxp {b sss). Its branching ratio is large, of the order 
B{Bs — » (f)(j)) ~ O{10~^) 1^ and the pollution from other SM diagrams is estimated to be 
of order (9(1)% P]. Since the CP asymmetries in this mode should vanish in the SM, the 
decay Bg 00 should provide very sensitive tests of the SM at hadron machines. 

Formally the Bg 00 amplitude is also given by Eq. (|1^) but with a proper hadronic 
matrix element X^^'''^'^\ However, in the factorization approximation the hadronic matrix 
elements of the operators Oi and O'^ depend on the spin of the decay products. For Bg — »• 
PP, VV where P and V denote any pseudo-scalar and vector meson, respectively, one has 
{Oi) = —{O'j) while for the decays of the type Bg PV one has (Oi) = {0[). Therefore the 
magnetic penguin contributions which give NP effects may have different signs in different 
processes. Using the same numerical input as before we obtain 

G p . 



A{Bg 



V2 



Ytbyts*2 



-0.016 + 0.0035 (e^° 



— e 



(21) 
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Unless 0"! = — o"2, C'(l) deviation from the SM prediction afj^{Bs 4>(f)) = can be 
expected with the maximal results {A/ A) max = e^^'^^*^^^ '^*^ as before. Should ai = —a2 
indeed be the case, one has to search for the CP asymmetries in the processes 5° rip^, 
7C(f) which are PV type but may have large tree level contributions. However, this is 
unjustified fine tuning and NP effects of order 0{1) can be expected both in B Ks(f) and 
Bs — > (jxf). Therefore Tevatron or LHC should be able to test our scenario also in Bg decays. 
Let us finally comment on the NP contribution to the B-B mixing in LRSM. The mixing 



phase (pM can be modified as = + Sm where 



f Ksma \ 

Om = arctan , (22) 

V 1 + K cos cr / 

and e*'^ ~ -(VR,t(iV^,j6)/(VL,tdV^f;,). Keeping only the Wi^2 contributions, the LL QCD im- 
proved resuh for k = | M^^a^ | / 1 M/^/ 1 is [[l^ k = ^(Ma) (1.6TeV/M2)\ where F(1.6TeV) = 
0.2. Therefore the NP contribution to the mixing phase may be non- negligible but is esti- 
mated to be below 20% of the SM value. 

In conclusion, if the measured discrepancy between the time-dependent CP asymmetries 
m B ^ J / ipKs and B (pKs decays is due to new physics, it can be explained, consistently 
with all experimental bounds, by the enhanced gluonic penguin contribution to the B 
(f)Ks decay amplitude in the LRSM. This scenario implies also large CP asymmetry in the 
decay Bg (jxp (and also in 5° —>■ rjp^, B^ -Kcf)) which can be tested in upcoming Tevatron 
and LHC. 
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